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Rapid diagnosis of respiratory viral infections in children resulted in significantly reduced hospital stays,
antibiotic use, and laboratory utilization compared with those of a matched group of patients from the previous
year who were diagnosed by virus culture. We demonstrate that rapid diagnosis of respiratory infections in
children is a cost-effective procedure.

Cost-effectiveness of medical care is a major concern around
the world. It is therefore important to evaluate the clinical and
economic impact of all procedures, interventions, and investi-
gations used in clinical practice (14). In the past, viral diagnosis
based on culture and serology was often slow and constituted
retrospective diagnosis. Now diagnosis in a clinically relevant
time frame for a range of viruses is a reality (3–5, 7, 10, 11, 13),
though relatively expensive, so its impact on patient care and
the conditions of its use need to be addressed. However, there
is little published data documenting the clinical impact of viral
diagnosis (2, 12). Potentially, the benefits include the follow-
ing: (i) collection of epidemiological information for disease
control and vaccination; (ii) infection control (9); (iii) guidance
in the use of antiviral therapy (1); and (iv) the impact of a
precise etiologic diagnosis on other aspects of patient manage-
ment, e.g., antibiotic use.

The introduction of a rapid viral diagnostic service for re-
spiratory (and other viral) infections at a tertiary-care univer-
sity teaching hospital provided an opportunity to assess its
impact on clinical care. The hypothesis was that the introduc-
tion of rapid diagnosis of respiratory viral infection would
affect patient care outcomes, such as duration of hospital stay,
antibiotic use, and laboratory utilization, and would be cost-
effective even for patients not having an underlying disease.

The Queen Mary Hospital in Hong Kong is a 1,350-bed
tertiary-care and university teaching hospital with 130 acute-
care pediatric beds serving a population of 1.3 million. Pedi-
atric patients aged 0 to 6 years who were admitted between
September 1994 and September 1996 and for whom a virolog-
ical diagnosis of respiratory tract infection was available were
eligible for analysis. Only patients under the care of pediatri-
cians who participated in patient care during both 1994–1995
(year 1) and 1995–1996 (year 2) were included. Index patients
with a virologically documented infection were randomly se-
lected from the year 1 admissions and matched with patients
from year 2 for the following parameters: (i) a viral etiology of
respiratory syncytial virus (RSV), influenza virus A, influenza
virus B, parainfluenza virus type 1, 2, or 3, or adenovirus; (ii)
age; and (iii) month of admission to the hospital. Patients with

a major underlying disease (e.g., congenital heart disease or
immunodeficiency) were excluded. Patient records were re-
viewed by a microbiologist and a pediatrician, neither of whom
participated in the care of these patients during the period
under study. Demographic information (age and sex of pa-
tients) and data on the outcome measures, including the
duration of hospitalization, the number and duration of anti-
biotics used, and the number of other microbiological investi-
gations performed, were obtained.

Rapid diagnosis was performed by detecting viral antigens in
nasopharyngeal aspirates by immunofluorescence techniques
(4, 10) with commercially available reagents from Dako Diag-
nostics Ltd., Bucks, United Kingdom, and Chemicon Interna-
tional Inc., Temecula, Calif. Virus culture was performed by
conventional techniques (15) at the Government Virus Unit of
the Department of Health, Hong Kong, a central public health
virology facility serving the whole of the Territory of Hong
Kong. Nasopharyngeal aspirates were inoculated onto MDCK,
HEp-2, LLC-MK2, and Vero cells and observed for 7 to 10
days for cytopathic effects or hemadsorption activity, as appro-
priate.

In a questionnaire survey, pediatricians were asked to score
the impact of viral diagnosis on clinical management on a scale
from 0 (no impact) to 9 (high impact) during year 1 compared
to during year 2 in relation to “discharging patients more
confidently” and “stopping or reducing the use of antibiotics.”
The responses were analyzed anonymously.

The outcome measures of patients from year 1 and year 2
and the responses to the questionnaire were compared by the
paired Student t test. The chi-square test was used as a test of
association of categorical data. Statistical significance was de-
fined as a P value of ,0.05.

The average cost per day of a hospital stay in a general
pediatric ward was provided by the Finance Department of the
Queen Mary Hospital and included drug, nursing, medical,
laboratory, and overhead costs. The costs for rapid virus diag-
nosis included reagent, labor, and overhead charges and was
obtained from the clinical microbiology laboratory. In both
cases, “cost” rather than “charge” was used.

The year 1 and year 2 groups were similar in relation to sex
ratio and age distribution. The age of the 214 patients studied
ranged from 3 days to 6 years with a male-to-female ratio of
2.1:1. Throughout the study period, the results of RSV diag-
nosis were available within 24 h, excluding Sundays and public
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holidays. During year 1, virological diagnosis for the other
respiratory viruses was available only by conventional culture 4
to 12 days (median, 8 days) after collection of the specimen.
During year 2, results of rapid virus diagnosis were available
within 24 h for influenza virus, parainfluenza virus, and adeno-
viruses as well.

Analysis of patient outcomes for the 56 pairs of patients with
a virological diagnosis of influenza virus, parainfluenza virus,
or adenovirus infection revealed a mean reduction in hospital
stay of 1.3 days during year 2 (P , 0.001) (Table 1). The
duration of antibiotic use and the number of other microbio-
logical investigations performed were significantly reduced (by
3.8 days and 1.2 investigations per patient) during year 2.
When patients with different virus etiologies were analyzed
separately, the reduction in the duration of hospital stay was
still significant for influenza virus infections (5.3 versus 3.6
days; P , 0.005) and parainfluenza virus infections (5.8 versus
4.1 days; P , 0.05) but not for adenoviral infections (4.6 versus
3.8 days; P 5 0.19). A reduction of antibiotic use in year 2 was
observed for all three virus groups: influenza virus (5.2 versus
2.8 days; P , 0.05); adenoviruses (9.8 versus 4.4 days; P ,
0.01); parainfluenza virus (7.4 versus 3.6 days; P 5 0.19). None
of the patients received specific antiviral therapy.

The patients with RSV infections constituted a control
group for whom rapid diagnosis was available in both years of
the study. When patients who had RSV infection in the two
years were compared, there was no significant difference in any
of the outcome measures. There was, however, a trend towards
a reduction in hospital stay (of 0.44 days) and antibiotic use (of
1.22 days) and, conversely, towards an increased use of micro-
biological investigations (of 0.47 investigations per patient)
during year 2. To compensate for changes in patient manage-
ment other than the impact of rapid viral diagnosis, the anal-
ysis was repeated after the mean difference for clinical out-
come between year 1 and year 2 for the RSV group (the
expected difference attributable to confounding factors, e.g.,
0.44 days for duration of hospitalization) was subtracted from
the observed differences between years 1 and 2 for patients
with other viral infections. After we adjusted for this trend over
the two consecutive years, there still remained a significant
reduction in year 2 of days in the hospital (of 0.9 days; P ,
0.05), days of antibiotic use (of 2.6 days; P , 0.001), and the
number of other microbiological investigations (of 1.7 investi-
gations; P , 0.001) when patients with influenza virus, para-
influenza virus, or adenovirus infection were considered to-
gether.

All 17 questionnaires administered to pediatricians working
in the hospital during both years of the study were returned

and analyzed. Viral diagnosis was perceived to have a signifi-
cantly higher impact on “discharge of patients from hospital”
(a score of 4.5 for year 1 versus 7.2 for year 2; P , 0.0001) and
on “stopping or reducing antibiotic usage” (a score of 4.4
versus 6.7; P , 0.0001) during year 2.

This analysis shows a reduction of hospital stay, antibiotic
use, and laboratory utilization for patients with influenza virus,
parainfluenza virus, and adenovirus infections after the intro-
duction of a rapid viral diagnostic service for these viruses. No
other specific initiatives were taken to reduce hospital stay or
antibiotic use, and the same clinicians cared for the patients in
both years. Only influenza virus infection, and to a lesser de-
gree RSV infection, is likely to vary significantly in severity
between years. The influenza virus A and B serotypes circu-
lating during the two years of the study were similar, except
that influenza virus A/Johannesburg/33/94 (H3N2) was par-
tially replaced by influenza virus A/Wuhan/359/95 (H3N2) dur-
ing the latter part of year 2 (7a). The influenza A outbreak in
1995–1996 was, if anything, more severe than that in the pre-
vious year owing to the introduction of a new influenza virus A
serotype (A/Wuhan) in the latter part of 1995–1996. This
would bias the data against the hypothesis being tested. In any
case, the reduction in days in the hospital was still significant
(1.7 days; P , 0.05) even when parainfluenza viruses were
considered alone.

Laboratory diagnosis (for respiratory virus infections other
than RSV) was carried out by cell culture in year 1, while
antigen detection was used in year 2. Cell culture is more
sensitive than antigen detection for viruses other than RSV
and may identify patients with low virus titers in the nasophar-
ynx who were not identified by antigen detection methods (8,
10). Such a difference would tend to include patients with
milder illness in the year 1 cohort and to bias the data towards
a shorter hospital stay and less antibiotic use in year 1, i.e., to
bias it against the hypothesis being tested.

As predicted by our hypothesis, patients with RSV (the
control group) had similar clinical outcomes in years 1 and 2,
although there was a trend towards reduced hospital stay and
antibiotic use in year 2. After correction for this general trend,
there was still a significant clinical impact on patients with
influenza virus, parainfluenza virus, and adenoviral infections.
We believe this improved outcome reflects the impact of rapid
virus diagnosis on patient care. This contention is supported by
pediatricians’ perceptions reported via a questionnaire.

At this hospital, an average of 2,830 nasopharyngeal speci-
mens from children are submitted for rapid respiratory virus
diagnosis annually, of which 700 yield a positive result by direct
antigen detection. The average cost per hospital day in an

TABLE 1. Clinical outcome parameters for years 1 and 2

Virus type and year group

Mean 6 SEM (Pa)

No. of days in hospital No. of antibiotic daysd No. of microbiological
investigations

RSVb

Year 1 5.09 6 0.37 4.47 6 0.58 4.04 6 0.30
Year 2 4.65 6 0.38 (0.35) 3.25 6 0.69 (0.18) 4.51 6 0.34 (0.34)

Influenza viruses A and B, parainfluenza virus, and adenovirusc

Year 1 5.11 6 0.28 7.34 6 0.76 5.50 6 0.34
Year 2 3.77 6 0.26 (,0.001) 3.55 6 0.56 (,0.001) 4.27 6 0.26 (,0.05)

a A paired t test was applied to the data. Numbers in parentheses are P values for a comparison between data for years 1 and 2 in the same column.
b n 5 51.
c n 5 56 (influenza virus A or B, 25; parainfluenza virus types 1 to 3, 10; adenovirus, 21).
d Cumulative days of antibiotic therapy (i.e., if a patient received 4 days of concurrent therapy with two antibiotics, the number of antibiotic days would be 8).
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acute-care pediatric bed was estimated to be HK$1,385. The
reduction of 0.9 days in hospital stay (corrected for trend) per
patient would save 18% of pediatric hospital costs (700 3
0.9 3 1,385 5 HK$872,550 annually). The cost of providing a
rapid viral antigen detection service for 2,830 specimens an-
nually (HK$170 per specimen) was HK$481,000. Rapid viral
diagnosis for respiratory disease therefore decreases costs even
in such a simple model.

The changed diagnostic service in year 2 may in fact have
contributed to the trend towards reduced hospital stay that was
observed in the RSV group as well, due to a shorter turn-
around time for rapid RSV diagnosis in year 2 (specimens were
processed twice daily in year 2 as compared to once daily in
year 1) and to the spillover of increased diagnostic confidence
from having a rapid virus diagnosis in 25% (all viruses) of
patients in year 2 rather than 8% (RSV only) of patients, as in
year 1. If the uncorrected reduction in hospital stay (i.e., of
1.34 days) is used for calculation, rapid virus diagnosis results
in a 26% saving in the cost of hospital care (a reduction of 938
days of hospital care for a saving of HK$1,299,130 annually).

Our study also demonstrated a 52% reduction in antibiotic
use, including that within the hospital as well as that during
continuation therapy at home. This reduction was achieved
without any specific instructions to clinicians to withhold anti-
biotics pending virological results. Benefits of reducing unnec-
essary antibiotic use include fewer side effects and a reduced
emergence of antibiotic-resistant bacteria (6). The availability
of rapid diagnostic results also affects aspects of health care,
such as infection control and improvement in clinical compe-
tence of trainee clinical staff, which are less easily quantifiable
in economic terms. In conclusion, we have shown that the
provision of a rapid viral diagnosis for patients with respiratory
disease, even those without underlying complications, affects
patient care and is cost-effective.
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